Background Epstein-Barr virus (EBV)-associated gastric cancer (GC) and microsatellite-instability-high GC are associated with a low prevalence of regional lymph node metastasis (LNM). To evaluate the feasibility of endoscopic treatment of EBV-associated and/or microsatelliteinstability-high early GC (EGC), we analyzed the risk factors for LNM using a large series (n = 756) of submucosa-invasive (SM) EGC. Methods EBV-encoded RNA in situ hybridization (EBER ISH) and immunohistochemistry for four mismatch repair (MMR) proteins (MLH1, PMS2, MSH2, and MSH6) were performed. The clinicopathologic features and results of EBER ISH and immunohistochemistry were compared according to the LNM status. Results Among the cases, 146 EGCs (19.3 %) showed LNM. EBV negativity, larger tumor size (greater than 2 cm), deeper level of submucosal invasion, submucosal invasion depth greater than 500 lm, presence of ulceration, and presence of lymphovascular invasion (LVI) were associated with LNM. However, the MMR deficiency was not correlated with LNM. On multivariate regression analysis, larger tumor size (greater than 2 cm; odds ratio 1.6, p = 0.030), deeper level of submucosal invasion (odds ratio 2.9, p = 0.001), LVI (odds ratio 7.4, p \ 0.001), and EBV negativity (p = 0.020) were independent risk factors for LNM in SM EGCs. Conclusions EBV positivity was a favorable risk factor for LNM in SM EGC. However, MMR deficiency was not associated with the status of LNM. Thus, we suggest that examination with EBER ISH could be considered for endoscopic resected specimens, especially in cases of SM EGC showing no LVI and clear resection margins.
Introduction
With advances in endoscopic technologies, such as endoscopic mucosal resection and endoscopic submucosal dissection (ESD), the number of patients with early gastric cancer (EGC) treated with endoscopic resection has rapidly increased [1] . The classic indication for endoscopic mucosal resection is a small (2.0 cm or less) differentiated intramucosal adenocarcinoma without ulceration [2] . ESD technology, which overcomes the limitation of the tumor size and achieves a successful en bloc resection, has extended the indications. The currently accepted extended indications of ESD for EGC, based on a proposal by Gotoda et al. [3] are (1) an intramucosal, nonulcerative differentiated adenocarcinoma, regardless of size, (2) an ulcerative intramucosal differentiated adenocarcinoma of 3.0 cm or less, and (3) a differentiated adenocarcinoma of 3.0 cm or less with minute submucosal invasion (500 lm or less). A small (2.0 cm or less) intramucosal undifferentiated adenocarcinoma without ulceration is a marginal indication for ESD. Cases which exceed the above-mentioned criteria and have lymphovascular invasion (LVI) need further gastrectomy with lymph node dissection because of the risk of lymph node metastasis (LNM) [4] . Because of the rapidly increasing number of EGC patients treated by ESD and the impact of the pathology findings for the endoscopically resected specimen on the decision for further surgical treatment, a precise risk prediction of LNM in EGC is more important than ever.
Since Burke et al. [5] reported that Epstein-Barr virus (EBV), a ubiquitous herpes virus found in more than 90 % of adults, was detected in lymphoepithelioma-like gastric cancer (GC) [6] , it is now well known that EBV is found in more than 80 % of cases of lymphoepithelioma-like GC, which has the characteristic of dense lymphoid cell infiltration in the stroma [7] . The incidence and clinicopathologic characteristics of EBV-associated GC have also been widely investigated. EBV-associated GC accounts for approximately 8 % of GC worldwide [8] [9] [10] [11] and is associated with proximal location, male sex, high incidence in remnant stomach, dense lymphocytic infiltration, and lower prevalence of LNM [8, 9, [12] [13] [14] [15] [16] [17] . Intramucosal EBV-associated EGC frequently displays a ''lace'' pattern, which is formed by fusions of cancer cells, rather than the typical lymphoepithelioma-like features [18] . The lack of tubule formation of lymphoepithelioma-like EGC or EGC with a lace pattern tends to be classified as undifferentiated type. Because only a small portion of undifferentiated EGCs fulfill the current extended criteria, patients with EBV-associated EGC face the possibility of losing the chance to be treated by endoscopic resection, although they may have no LNM. Therefore, the risk evaluation of LNM in EBV-associated EGC is an urgent and mandatory issue that needs to be addressed.
Microsatellite instability (MSI) is a form of genetic instability characterized by varying sizes of repetitive sequences. MSI is caused by a failure of the DNA mismatch repair (MMR) system [19] . A standard panel of microsatellite markers, including BAT26, BAT25, D2S123, D5S346, and D17S250, has been recommended for MSI testing [20] . With the use of the reference panel, tumors showing MSI at two or more markers were defined as MSI high (MSI-H) type [20] . MSI-H has been found in approximately 8.2-34.4 % of GC, depending on the definition system used [21, 22] . We previously reported a similar prevalence (9.0 %) of MSI-H-type GC [23] . The MSI-H phenotype is associated with intestinal type according to the Lauren classification, prominent lymphoid infiltration, older age, antral location, lower prevalence of LNM, lower pTNM stage, and better prognosis [22] [23] [24] [25] [26] [27] . Several studies reported immunohistochemistry (IHC) using antibodies for DNA MMR proteins, including MLH1, MSH2, MSH6, and PMS2, as a useful alternative method to detect MSI-H [28, 29] .
As EBV-associated and MSI-H types of GC are associated with a lower prevalence of LNM, we assumed that EBV-associated and/or MSI-H types of EGC could be candidate groups for endoscopic resection. To evaluate the feasibility of our hypothesis, we analyzed the risk factors for LNM using a large series of submucosa-invasive (SM) EGC, focusing on EBV positivity and MSI-H type.
Materials and methods

Patients and tissue collection
Information on 756 SM EGC patients (485 males and 271 females) who underwent gastrectomy with D2 lymph node dissection at Yonsei University College of Medicine between January 2010 and December 2012 was retrieved. The TNM stage was reviewed according to the seventh edition of the American Joint Committee on Cancer Cancer Staging Manual [30] . The patients' clinical information was obtained from the medical records. The mean age was 63 years (range 27-86 years). The study was approved by the Institutional Review Board of Yonsei University College of Medicine (approval number 4-2014-0665).
Pathology analysis
A series of pathologic factors, including tumor size, histologic classification, submucosa invasion level, depth of submucosal invasion, presence of ulceration, stromal lymphoid reaction, and presence of LVI were reviewed. For histologic classification, the gastric carcinomas were classified according to the WHO classification system (well, moderately, and poorly differentiated tubular adenocarcinomas and signet ring cell carcinomas) [31] and the Lauren classification system (intestinal and diffuse type) [32] . Well and moderately differentiated tubular adenocarcinomas and papillary adenocarcinomas were classified as differentiated, whereas poorly differentiated tubular adenocarcinomas, poorly cohesive carcinomas (including signet ring cell carcinomas), and others were classified as undifferentiated [33] . Ulceration was defined histologically as a disruption of the muscularis mucosae with or without granulation tissue formation or submucosal fibrosis. The depth of submucosal invasion was defined as the distance from the lowest level of the muscularis mucosae (or surface of the ulceration) to the end of the deepest tumor invasion.
Stromal lymphoid reaction was classified into three groups: none or mild (0-10 % lymphocytic infiltration in the stroma), moderate (10-50 %), and severe (more than 50 %).
Tissue microarray construction
Two cores of tumor tissue (3-mm diameter) were punched out from individual formalin-fixed and paraffin-embedded tumor blocks and arrayed in a new tissue microarray block. A core of adjacent nonneoplastic mucosa was arrayed in each tissue microarray block as a landmark and internal control. Sections (4-lm thick) from each tissue microarray block were prepared for immunohistochemical staining and EBV-encoded RNA in situ hybridization (EBER ISH). Hematoxylin and eosin and cytokeratin immunohistochemical staining were performed to confirm the presence of tumor cells.
EBER ISH
EBER ISH was performed with a Ventana BenchMark in situ hybridization system (ISH iView kit, Ventana, Tucson, AZ, USA). Paraffin-embedded tissue sections were deparaffinzed with EZ Prep buffer (Ventana), and then digested with protease I for 4 min. Probes were applied and then denaturation was performed at 85°C (10 min), followed by hybridization at 37°C (1 h). The probes labeled with fluorescein contained a cocktail of oligonucleotides dissolved in a formamide-based diluent. After hybridization, tissues were washed 3 times with 29 saline sodium citrate buffer at 57°C. Incubation with antifluorescein monoclonal antibody was performed for 20 min and then an Alkaline Blue detection kit (Ventana) was used according to the manufacturer's protocol. The slides were counterstained with Nuclear Fast Red for 10 min.
Immunohistochemistry IHC was performed with a Ventana XT automated stainer with antibodies for cytokeratin (1:300, AE1/AE3, DAKO, Carpinteria, CA, USA), MLH1 (ready to use, clone M1, Roche, Indianapolis, IN, USA), MSH2 (ready to use, clone G219-1129, Roche), MSH6 (1:100, clone 44, Cell Marque, Rocklin, CA, USA), and PMS2 (1:40, clone MRQ28, Cell Marque). Sections were deparaffinized with EZ Prep solution (Ventana). CC1 standard [pH 8.4 buffer containing tris(hydroxymethyl)aminomethane-borate-EDTA] was used for antigen retrieval and blocked with 3 % H 2 O 2 for 4 min at 37°C. Slides were incubated with primary antibody for 40 min at 37°C followed by a universal secondary antibody for 20 min at 37°C. Slides were incubated in streptavidin-horseradish peroxidase for 16 min at 37°C and then the substrate, 3,3 0 -diaminobenzidine tetrahydrochloride in H 2 O 2 , was added for 8 min followed by hematoxylin and bluing reagent counterstaining at 37°C. A loss of MMR protein expression (MMR deficiency) was defined as when none of the neoplastic epithelial cells showed nuclear staining, whereas normal expression was defined as the presence of nuclear staining of tumor cells, irrespective of the proportion or intensity (Fig. 1 ). Infiltrating lymphocytes, stromal cells, and adjacent nonneoplastic epithelium served as internal positive controls. An MMR-deficient tumor was defined as a tumor showing loss of expression of any of the four MMR proteins.
Statistical analysis
The clinical and pathologic data were analyzed with IBM SPSS version 20.0 (IBM, Armonk, NY, USA). Pearson's chi-square test, Fisher's exact test, and logistic regression analysis were applied for the statistical analysis of the correlation between clinicopathologic variables and the status of LNM, EBV positivity, and MMR deficiency. Statistical significance was defined as p \ 0.05.
Results
Clinicopathologic characteristics of SM EGCs according to LNM status
Among 756 SM EGCs, 146 EGCs (19.3 %) showed LNM. The clinicopathologic features of SM EGCs according to LNM status are summarized in Table 1 . Univariate analysis revealed that smaller tumor size (2 cm or less) (p = 0.002), lower level of submucosa invasion (p = 0.001), submucosal invasion depth less than 500 lm (p = 0.004), absence of ulceration (p = 0.020), absence of LVI (p \ 0.001), and EBV positivity (p = 0.002) were associated with EGCs without LNM. MSI status and stromal lymphoid reaction showed no correlation with LNM. Only three EBV-positive cases (4.7 %) showed LNM, and of these, two cases showed LVI, which is the most important risk factor for LNM. The remaining cases had a submucosal invasion depth of 4.0 mm.
Multivariate regression analysis revealed that EBV negativity (odds ratio 4.2, p = 0.020), larger tumor size (greater than 2 cm) (odds ratio 1.6, p = 0.030), the level of submucosal invasion (odds ratio 2.9, p = 0.001), and LVI (odds ratio 7.4, p \ 0.001) were independent risk factors for LNM in SM EGCs (Table 2) .
Clinicopathologic characteristics of SM EGC according to EBV status
Among 756 SM EGCs, 64 EGCs (8.5 %) were positive by EBER ISH (Fig. 1) . The clinicopathologic features of SM EGCs according to EBV status are summarized in Table 3 . Univariate analysis showed that younger age (60 years or younger) (p = 0.012), male sex (p \ 0.001), proximal location (p \ 0.001), elevated gross type (p = 0.015), undifferentiated histologic type (p = 0.007), intestinal type according to the Lauren classification (p \ 0.001), absence of LVI (p = 0.005), moderate to severe lymphoid stroma (p \ 0.001), and absence of LNM (p = 0.002) were associated with EBV-positive SM EGCs.
Clinicopathologic characteristics of SM EGCs according to MMR deficiency
Among 744 cases, loss of MLH1 and PMS2 expression occurred in 68 cases (9.1 %) and 69 cases (9.3 %), respectively ( Fig. 1) . Sixty-eight cases showed simultaneous loss of expression of MLH and PMS2 and only one case showed loss of expression of PMS2 only. No cases showed loss of MSH2 or MSH6 expression. MMR deficiency was defined as loss of expression of either MLH1 or PMS2.The clinicopathologic features of SM EGCs according to MMR deficiency status are summarized in Table 4 . Older age (p \ 0.001), distal location (p = 0.011), differentiated histologic type (p \ 0.001), intestinal type according to the Lauren classification (p \ 0.001), deeper level of submucosal invasion (p = 0.020), presence of LVI (p = 0.003), and moderate to severe lymphoid stroma (p = 0.003) were related to MMR deficiency. However, MMR deficiency was not correlated with LNM (p = 1.000). The MMR-deficient EGCs and EBV-positive EGCs were mutually exclusive, except in one case. Among the 745 cases, MSI analysis using five microsatellite markers (BAT26, BAT25, D2S123, D5S346, and D17S250DNA) was performed in 144 cases as previously reported [23] . Twenty EGCs (13.9 %) showed an MSI-H phenotype. The clinicopathologic characteristics of MSI-H EGCs based on DNA analysis were older age (p = 0.001), intestinal type according to the Lauren classification (p = 0.004), and moderate to severe lymphoid stroma (p \ 0.001) (Table S1 ). Among the 144 cases, 12 EGCs (8.3 %) were positive by EBER ISH. The EBV positivity and the MSI-H type based on the DNA analysis were also mutually exclusive. The correlation between the results of IHC using antibodies for four MMR proteins and the results of the DNA analysis had a high concordance rate (k = 0.838, p \ 0.001) and high sensitivity (90 %) and specificity (100 %) (Table S2) . EBV Epstein-Barr virus, MSI-H microsatellite instability high, MMR mismatch repair, MSS microsatellite stable, SM1 invading up to one third of the submucosa, SM2 invading up to two thirds of the submucosa, SM3 invading more than two thirds of the submucosa
Discussion
The rates of LNM in mucosa-confined and SM EGCs are 2.2-4.6 % and 14.0-23.6 %, respectively [3, [34] [35] [36] [37] [38] . In this study, the overall LNM rate of SM EGCs was 19.3 % (146/759). However, the LNM rate in EBV-positive SM EGCs was only 4.7 % (3/64), similar to that of mucosaconfined EGCs and dramatically lower than that of EBVnegative SM EGCs (20.1 %; 143/692). Similarly to our finding, Tokunaga et al. [16] reported a negative association between EBV positivity and LNM in a large series (n = 1760) of GCs. Among these, 323 cases were submucosa-confined (pT1b) cancers. Of the 323 cases, 43 (14.9 %) showed LNM and 45 (13.9 %) were EBV-positive cancers. In the EBV-positive group, none of the cases showed LNM. Therefore, on the basis of this finding, the Tokunaga et al. suggest that routine assay of a biopsy specimen for EBV may be important, especially in the case of EGC. However, because the study was performed in the pre-ESD era, there were no details regarding other important risk factors, including tumor size, tumor histologic type, ulceration, submucosal invasion depth, or LVI.
Van Beek et al. [17] also reported a low frequency of LNM in EBV-positive GC in cohorts of the Dutch D1D2 trial (n = 566). In tar study, 41 cases (7.2 %) were EBV positive, and a significantly lower N category was found in the EBV-positive group. Amomg the cohorts, 150 cases were EGC (pT1), and among these, 13 (8.7 %) were EBV positive. However, there was no further information regarding the EGC subgroup. In our study, we observed a similar prevalence (8.5 %) of EBV positivity. In accordance with the observations of Tokunaga et al., we also found a significant difference in the frequency of LNM between the EBV-negative group (20.7 %) and the EBV-positive group (4.7 %). This suggests that if we use not only the current ESD criteria but also EBV positivity as an additional factor for prediction of LNM in an ESD specimen, we could clearly select the cases with a very low risk of LNM, even among SM EGC patients. As a true instance of this possibility, a recent case series study reported four cases of EBV-associated early lymphoepithelioma-like GC that were treated by ESD [39] . All the cases were resected en bloc with free resection margins and no LVI was found. However, all showed submucosal invasion of more than 500 lm (1.8-2.5 mm). In spite of this, one patient who underwent additional radical gastrectomy was found to have no LNM, and the other patients refused additional surgical treatment and none of them reported recurrence or metastasis for more than 27 months after ESD [39] . Among the 64 EBV-positive cases, 72 % of cases (46) were of an undifferentiated type. Because an SM undifferentiated carcinoma case needs further gastrectomy to dissect regional lymph nodes, on the basis of the proposal of Gotoda et al. [3] and Japanese guidelines [33] , our results imply that, according to the current guidelines, most patients with EBV-positive SM EGCs could lose the chance to be treated by endoscopic resection, the organpreserving treatment. Therefore, if a case of undifferentiated SM EGCs shows only minute submucosal invasion with neither LVI nor resection margin involvement, EBER ISH should be performed to avoid unnecessary surgical treatment. Particularly in cases with a mucosal lace pattern or moderate to severe stromal lymphoid reaction, EBER ISH should be mandatory.
Lymphoid stromal reaction is a well-known feature of EBV-associated GC [14, 18, [40] [41] [42] [43] . Song et al. [43] divided EBV-associated GC into three groups depending on the host inflammatory reaction; lymphoepithelioma-like carcinoma, GC with Crohn's diease-like lymphocytic reaction, and conventional adenocarcinoma. They then demonstrated that the prognosis of EBV-associated GCs depended on the stromal inflammatory reaction. In their study, a higher proportion of pN0 tumors was found in the EBV Epstein-Barr virus, MMR mismatch repair, MSI-H microsatellite instability high, MSS microsatellite stable, SM1 invading up to one third of the submucosa, SM2 invading up to two thirds of the submucosa, SM3 invading more than two thirds of the submucosa LNM lymph node metastasis, MMR mismatch repair, MSI-H microsatellite instability high, MSS microsatellite stable, SM1 invading up to one third of the submucosa, SM2 invading up to two thirds of the submucosa, SM3 invading more than two thirds of the submucosa EBV Epstein-Barr virus, LNM lymph node metastasis, MSI-H microsatellite instability high, MSS microsatellite stable, SM1 invading up to one third of the submucosa, SM2 invading up to two thirds of the submucosa, SM3 invading more than two thirds of the submucosa lymphoepithelioma-like carcinoma group. However, from our results, although a severe or moderate degree of lymphoid stromal reaction was more frequently found in the EBV-positive group, the degree of lymphoid reaction was not associated with LNM in the case of SM EGCs. In terms of tumor location, the tendency toward a proximal location is also a well-known feature of EBVassociated GC. In our series, 84.4 % of EBV-positive cases (n = 54) were located in the upper or middle third, and half (n = 27) were in the upper third. Because of the high proportion of proximally located EBV-positive tumors, a routine EBER ISH on ESD specimens of proximally located EGC may save more patients from having a total gastrectomy procedure, which has a more serious effect on quality of life than a subtotal or distal gastrectomy.
In many studies, the presence of LVI has been proven to be the most important and reliable risk factor for LNM [44] [45] [46] . In our previous study using a series (n = 79) of endoscopically resected EGCs sequentially treated by gastrectomy and lymph node dissection, the odds ratio of LVI for LNM was 21.41 (95 % confidence interval 2.11-217.28, p = 0.010) [46] . In our current study, the presence of LVI was also found to be the most important risk factor (odd ratio 7.45). Among the 64 EBV-positive cases, only five cases (7.8 %) were observed to have LVI. Of the five cases, two cases showed LNM-that is, 40 % of EBV-positive cases with LVI had LNM (2/5). Thus, even in the case of EBV-positive EGC, if LVI is found in the ESD specimen, a further surgical intervention to dissect lymph nodes is inevitable.
At the beginning of this study, we expected that the MSI-H phenotype would be a favorable predictive factor for LNM, as well as EBV positivity, because several studies have reported an association between the MSI-H phenotype and a low prevalence of LNM in GC [23, 24, 26, 27] . Good concordance between the IHC method and the PCR-based assay has been reported to identify MSI-H type [22, 25, 29] ; therefore, we evaluated the expression of MMR proteins as a marker of MSI-H phenotype using IHC. To confirm the reliability of the IHC method, we compared the results obtained by IHC and a PCR-based assay in a subgroup (n = 144) in which the PCR-based MSI test had already been performed. The high concordance rate between the IHC method and the PCR-based assay (k = 0.838) and the satisfactory sensitivity (90 %) and specificity (100 %) of the IHC method confirmed that IHC was a competent method for detection of the MSI-H phenotype in GC. According to the results obtained by IHC, the MMR-deficient EGCs and EBV-positive EGCs were mutually exclusive, except in one case. However, MMR deficiency was not correlated with LNM status. LVI, which is the strongest risk factor for LNM, was more frequently observed in the MMR-deficient group. However, differentiated histologic type and intestinal type, which are generally believed to be favorable factors for LNM, and EBV negativity, which was the second most important risk factor in this study, were more frequent in the MMRcompetent (microsatellite stable) group. Thus, the lack of a relationship between MMR deficiency and LNM may be a cumulative result of those contradictory effects. In addition, we found no relationship between MSI-H type and LNM in the PCR-based test subgroup.
In conclusion, in this study, EBV positivity was a favorable factor for LNM in SM EGC; however; MMRdeficiency was not associated with LNM status. Therefore, EBV positivity might be considered as an additive criterion for endoscopic resected specimens especially in cases of SM EGC without LVI and tumor involvement of resection margins.
